A trial was conducted to evaluate the use of dehulled and unpolished whole rice in Japanese quails' diet. A total of 100 80-days-old Japanese quails (149.07 ± 10 g) were distributed in five treatments: 0% dehulled and unpolished whole rice (control diet based on corn and soybean meal), 20, 40, 60, and 80% of whole rice in replacement of corn; respectively, treatments 1, 2, 3, 4, and 5. Productive performance was evaluated through egg production (%), egg weight (g), body weight (g), egg mass (g), feed conversion per egg mass and feed conversion per dozen eggs. The following variables measured the internal quality of eggs: albumen height (mm), yolk color and percentage, egg white percentage and Haugh units. The external quality of eggs was measured through specific gravity (g cm -3
Introduction
Raising quails is an activity in expansion that has been highlighted each year due to its productive increase, being responsible for the generation of jobs and income in all the levels of the productive chain, mainly because it doesn't need big initial investments, requiring little space in order to set up the raising system, also providing a financial return in short or medium term. Another reason for such success is its main product, the egg, which is a source of animal protein that has high biologic value, with good acceptance by the consuming market (LEANDRO et al., 2005; TEIXEIRA et al., 2012) .
The nutrition of the quails represents one of the productive bottlenecks. In the feeding of these birds, corn consists in the main energetic ingredient that composes the diet, being Acta Scientiarum. Animal Sciences Maringá, v. 36, n. 4, p. 363-367, Oct.-Dec., 2014
responsible for 60 to 70% of the diet cost. Since it is a commodity, its price is subject to the exchange rates variations and market prices, which can cause imbalance in the domestic suply of the input and change the buying strategy of the producers, that try to reduce the costs and increase the profits (MOURA et al., 2010) . In order to meet the demands that are highly dependent on corn, non-conventional ingredients have been searched for its partial or total substitution. According to Krabbe et al. (2012) , among the surveyed options, rice (Oryza sativa L.) can be a good alternative. However, up to this moment only its derivatives are used, especially broken rice and whole or defatted rice bran. Thus the use of whole grain without bark, since bark has low nutritional value, it becomes an interesting alternative and it allows one to assume that the grain is a potential raw material for animal diets, particularly when the product is found with high supply the market.
Rice grain is characterized as an energy source, showing high contents of carbohydrates and low ones of lipids, and with level of crude protein close to those of the corn. Although it is not known its metabolizable energy for quails, it is possible to estimate the values from the ones of broken rice and rice bran (KRABBE et al., 2012) .
Given the exposed, the objective was to evaluate the effect of the substitution of corn by whole rice on the productive performance and eggs quality of Japanese layer quails.
Material and methods
The experiment was conducted at the Poultry Sector of the Laboratory of Animal Science Teaching and Experimentation (LEEZO) of the Federal University of Pelotas, Rio Grande do Sul State.
Were used one hundred Japanese quails (Coturnix coturnix japonica), with an average weight of 149.07 ± 10 grams, with 80 days of age, housed in metallic cages, evaluated during three production cycles of 28 days. The quails were distributed into five treatments in a completely randomized design, with levels of 0% of whole rice (control diet based on corn and soybean bran), 20, 40, 60, and 80% of whole rice in substitution to corn, according to Table 1 . Diets were formulated to meet the nutritional requirements, in accordance with the recommendations of Silva and Costa (2009) , being the diets isocaloric and isoproteic. In order to make the diets become isoenergetic, soybean oil was added with the increase of the substitution of corn by whole rice in the diet. Five replicates were used per treatment, with four birds in each replicate.
Eggs were collected and weighed daily to calculate total production and average weight. The production of eggs was calculated as a percentage by dividing the number of eggs produced by repetition by the number of birds. The calculations of egg mass were obtained by the product of the percentage of eggs produced (bird day -1 ) and the average egg weight of each parcel as well as feed conversion by egg mass calculations by the ratio of feed intake by birds and produced egg mass (g g -1
). Feed conversion per dozen eggs was obtained dividing the amount of feed consumed by birds by produced dozens of eggs (g dozen -1 ). In the variables of internal quality of the egg were analyzed albumen height, yolk color, percentage of yolk, albumen percentage and Haugh unit. To determine the albumen height (mm), a specific rule (FHK trademark) was used. The assessment of yolk color was performed using the colorimetric array (DSM). The determination of the percentage of yolk and albumen was performed by weighing the yolk (g) and albumen (g) on a digital scale (Marte, model AS 5500C, with an accuracy of 0.1 g), being the result multiplied by 100 and divided by the weight of the egg. The Haugh unit was obtained from egg weight and albumen height using the formula: ), thickness (mm) and shell percentage (%). For the determination of specific gravity, the eggs were immersed in NaCl solutions with density ranging from 1.050 to 1.098 g cm -3 , with interval of 0.004 g cm -3 , the eggs being removed as soon as they floated in the solution. Shells were identified, washed and dried at room temperature, in order to later obtain their weight and thickness. To determine the percentage of shell, they were individually weighed on an analytical digital scale (UniBloc, AUY-220, with accuracy of 0.1 mg) and the result obtained was multiplied by 100 and divided by the weight of the egg. Thickness (μm) was measured in the central ring of the shell of each egg, using a manual micrometer (Starret trademark) with 0.01 mm precision.
Feed costs were calculated based on the amount of it consumed, considering daily consumption per bird. The total consumed during the experimental period was multiplied by the cost of the kilogram of the diet. To realize the cost of the diets, the prices of the ingredients used in the formulation were obtained in June 2012.
The economic viability was calculated considering the price of a kilogram of feed consumed (cost) and the average price of a dozen eggs produced (revenue) considering R$ 0.60 (equivalent to US$ 0.29) per dozen of quail eggs. The gross income was obtained by subtracting the revenue from the cost.
Data were submitted to analysis of variance (ANOVA) and means were compared by polynomial regression with a significance level of 5%, being used SAS statistical software (SAS, 2002).
Results and discussion
There was no significant effect of the levels of substitution of corn by whole rice (p > 0.05) on weight of eggs and birds (Table 2) . With respect to egg production, there was a positive linear response with the inclusion of whole rice in the diet, according to the equation y = 56.84 + 0.12x. Rice grain showed lower amount of metabolizable energy (3,218 kcal kg -1 ) than corn (3,381 kcal kg -1 ) (ROSTAGNO et al., 2011) . Thus, to make diets isoenergetic soybean oil was added with increase of whole rice inclusion in diet. So, the lipids inclusion was also increased in it, which may have led to an increase in egg production since, according to Costa et al. (2008) , testing different levels of soybean oil (1, 2, and 3%) in the diet of laying hens, there was an increase in egg production with the increase of such levels. According to the authors the increase in production is related to better use of energy by reducing the caloric increment. There was a linear increase in egg mass, probably due to increase in production of eggs. In conversion per mass and per dozen there was a decreasing linear response with increase in substitution of corn by whole rice. Furthermore, the addition of oil increases absorption of liposoluble vitamins and the efficiency of energy consumption and reduces the rate of passage of digesta in the gastro-intestinal tract, which allows a better absorption of all nutrients present in the diet (BAIÃO; LARA, 2005) .
According to Bertechini (2006) , lipids have specific dynamic action and extra caloric value, such as providing and facilitating the absorption of liposoluble vitamins and essential fatty acids. Moreover, they are source of dietary energy with low caloric increment that reduces the speed of passage of food, favoring the functioning of the digestive tract in the aspects of digestion and absorption, possibly being this one of the factors leading to the increase in egg production with rice inclusion in diets. Moura et al. (2010) found no significant difference in energetic density of diets on egg production of quails. Rabello et al. (2007) , evaluating levels of inclusion of soybean oil (0, 1, 2, 3, and 4%) in the diet of laying hens, observed no effect on egg production. Filardi et al. (2007) , testing inclusion levels of 0, 5, 10, and 15% of rice bran in the diet of laying hens, observed no significant effects (p > 0.05) in egg weight and egg production. These data corroborate wuth study by Brum Jr. et al. (2007) that, evaluating levels of inclusion of whole rice bran (0, 12, 24, and 36%) in the diet of laying hens, did not observe effect on egg weight, but production showed a quadratic response, increasing up to the level of 22, 32% of whole rice bran in the diet. Similarly to Filho et al. (2013) , testing the inclusion of 0, 5, 10, 15, 20, 25, and 30% of parboiled whole rice bran in the diet Acta Scientiarum. Animal Sciences Maringá, v. 36, n. 4, p. 363-367, Oct.-Dec., 2014 of quails, observed no effect on the egg production and egg weight . Through regression analysis it was verified a significant decreasing linear response in the color of the egg yolk with the increase of amount of rice in the diet replacing corn (Table 3) , following the equation Y = 3.40 -0.024x. Yolk color is directly related to the carotenoids in the diet, which are present in greater amount in corn and absent in rice. Garcia et al. (2012) observed that the reduction in the amount of corn in the diets also caused a decrease in yolk color, attributing this factor to the presence of pigments in corn. However, according to the authors, this problem can be alleviated with the use of pigmenter in the diets. Filho et al. (2013) observed a linear decrease in the color of the yolk of quails fed with levels of 0, 5, 10, 15, 20, 25, and 30% of parboiled whole rice bran. The albumen height, yolk percentage, albumen percentage and Haugh unit were not affected by the substitution of corn by whole rice in the diet (p > 0.05), according to Table 3 Rice inclusion did not affect the variables of internal egg quality, as it is influenced by the daily protein intake, aiming to ensure the requirements in amino acids (PINTO et al., 2002) . Thus, as the diets were isoproteic, quails ingested the daily amount of protein required, not affecting the variables of internal egg quality.
Shell thickness was not affected (p > 0.05) by the substitution of corn by whole rice in the diet (Table 3 ). The specific gravity increased linearly as increased the level of rice in the diet to the 80% level of inclusion, according to the equation y = 1065.96 + 0.044x. Similarly, the percentage of shell also linearly increased with the increase of levels of whole rice in diet of quails, which can be determined by equation y = 7.82 + 0.005x.
Specific gravity is a measurement that evaluates the density of the egg, being directly related to the thickness of the shell. Thus, deficiency of calcium and vitamin D 3 , as well as improper relation between Ca and P, are factors which interfere to the decrease of specific gravity (ROSA; ÁVILA, 2000). According to Krabbe et al. (2012) , whole rice grain has 0.05% Ca, while corn has 0.03% of the mineral (ROSTAGNO et al., 2011) . Furthermore, the increased harnessing of vitamin D 3 can be related to the higher level of oil added with the inclusion of rice, for isoenergetic diets. Thus, the increased availability of Ca, with the inclusion of the rice in the diet, leads consequently to a higher concentration of such mineral, since it is found in higher availability in rice than in corn, leading to an increase in specific egg gravity and making shell heavier, due to the greater amount of Ca deposited. As consequence, the shell will have a greater shelf life, because the pores are smaller, reducing the chance of contamination in the egg.
The cost of the diet (Table 4) had an increase as increased the levels of inclusion of rice, possibly due to the increase of oil levels in the diet, since the market value of soybean oil is one of the largest contributor to rising costs of the diet. Even with this increase in price, due to the increased production of eggs, in dozens, it is compensatory economically its use in the diet, because gross income had higher averages with the inclusion of rice. Bonato et al. (2004) using whole rice bran in the diet and supplementing with enzymes, obtained a better economic performance. These results demonstrate the importance of alternative foods for the economy of poultry production. 
Conclusion
Whole rice can replace corn, in a diet based on corn, soybean bran and soybean oil, up to 80%, especially at times when the relation between price of raw materials is favorable to rice, because even with the increase of diet price, we observed a higher egg production, economically compensating its use in the diet, without harm to external quality. Due to the reduction in yolk color, we recommend the use of pigmenters in the diets with rice.
